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RESEARCE MEMORANDUM

STATIC TESTS OF FOUR TWO-BLADE NACA PROfEII.ERS
DIFFERING IN :CAMBER AND SOLIDITY

By Robert J. Platt, Jr.
SUMMARY

Outdoor static tests were made on two—-blade propellers of the
NACA 4—(3)(08)-03, 4—(5)(08)-03, 4—(10)(08)~-03, and 4—(3)(08)-045 designs.
The blade angles tested ranged from 0° to 40° measured at the 0.75R station.
The maximm tip Mach nmumber wes 0.93, but this value was not attained at
blade angles above 15° because flutter was encountered. However, some
dste on the NACA 4—{5)(08)-03 and 4—(10)(08)—03 propellers operating in
the flutter reglon are included which were obtained In an earlier static
test (unpublished).

The results of the test of the high-—camber blade, NACA 4—-(10)(08)-03,
indicated the thrust coefficient reached s maximm and hegan to decrease
at a tip Mach number of about 0.85 for fixed blade angle settings of 15°
and less. Similer breaks did not occur for the blades of lower camber up
to the maximm tip Mach number attained. The maximm wvalue of the ratio
of thrust coefficlent to power coefficient CT/CP, which occurred at low

power coefficients, decreased with Increasing camber, blade wldth, and
tip Mach number. Except In the reglon of maximum CT/CP, the ratio CT/C:E

increased with both Increasing cember snd blede width for a constant
value of power coefficlent. At the higher power coefficlents the value
of CT/CP for a glven value of power coefficient was but 1ittle affected
by tip Mach number. .

INTRODUCTTION

The effects of compressibility, camber, and blade width on the
characterlistics of two—blade propellers were Investligated by the )
National Advisory Committee for Aeronautics in the Iengley 8—foot high—
speed tunnel and have been presented in a series of papers (references 1
to 3). The propellers incorporated high—critical-speed NACA l6—series air—
foil sections with thin sectlions used at the shank. The operating charac—
teristics of the.lengley 8—Ffoot high—speed tumnel did not permit the
measurements to be made at low speeds end, consequently, data at low
advance ratios could not be obtained. Thls made impractical the extra—
polation of the datae to zero advance ratlo to obtaln static—test data.
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Propeller date at statlic condltlons esre useful for take—off run
calculaticons and propeller selection. The effect of tip speed, airfoll
sectlon, and blade width on static propeller characteristics has been
previously investigated (reference k). However, the blades used were
conventional with round shank sectlons and were designed for operation
at low advance ratlos. The results, then, could not be expected to
apply directly to the propellers used In an Investigation at the
Langley 8-foot high—speed tunnel. In order to obtain the characteristics
of themse latter propellers at statlc conditions, & propeller dynamometer,
located outdoors, was used to measure the thrust and torque of the
propellers over & range of tip Mach number and blade angls.

SYMBOIS

b blade width, feet
CP power coefficien‘b—< P )

pon3D>
Op thrust coefficient (—522—@

pn=D
czd design sectlion 1ift coefficlent
D propeller diameter,.feet
h blade—sectlion maxlmum thilckness, feet
M, tilp Mach pnmber
n propelier rotational speed, revolutions per second
P power, foot—pound per second
R propeller tip radius, feel
r radlus to a blade element, feet
T thrust, pounds
B blade angle, degrees
P alr demsity, slugs per cubic foot
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APPARATUS

The propeller dynamometer conslists of two Independent unlts similexr
to the unit shown in figure 1. One unlt 1s located ahead of the propeller
and the other beshind the propeller. Each unlt contains two 200-horsepower
induction motors, but only the rear unit was conmected to the propeller
for this Investigation.

Some details of the rear dynamomeier may be seen from figure 1. The
two motors are coupled and mounted within a shell to make the motors a
gingie rigid unit. This motor assembly 1s floated within the outer
dynamometer barrel by air bearings. Compressed air is supplied to thess
bearings which are located at each end of the motor shell. The motor
assembly 1s then free to move within the outer barrel in an axial dlrec—
tion under thrust and to rotate under torgue. Thils movement 1s restrained
by hydraulic thrust and torque capsules mounted at the rear of the
dynamometer. In thls system alr bearings are agsin employed to prevent
interaction of the thrust and torgue forces. The hydraulic lines are
connected to compensating scales for the measurement of thrust and torque.
The dynemometer l1s supported from an overhead fraemework by a streamline
gtrut through which pass the motor electrical and coollng water lsads.

The blades were of the NACA 4—(3)(08)-03, 4—(5)(08)-03, 4—(10)(08)-03,

and L—(3)(08)—045 designs, and are 1dentical with those used in the tests
of references 1 to 3. The number designations of these blades are
descriptive of thelr size and shape. The number of the flrst group gives
the propeller diamster in feet. The numbers wilthin the first parentheses
represent the design 1ift coefficient (in tenths) at the O.7R station.
The numbers wlthin the second parentheses represent the thickness ratlo
(in hundredths) of the blade secticn at O0.7TR. The last group of numbsrs
represents the solidity (in hundredths or thousandths s Tor two and three
digits, respectively) of one blade at O.TR.

The blades incorporated.the NACA l16—series airfoll sections and were
designed for minimum induced—energy loss at & blade angle of approxi-—
mately 45° measured at the 0.TR station. The NAGA 4—(3)(08)-03 and
4(3)(08)~0k5 blades are shown in figure 2. The other blades are similar
to the NACA 4—(3)(08)-03, except for the higher blade—section design
1ift coefficients. The blade—form curves for these propellers are shown
in figures 3 and k. -

A cylindrical spinmner of a 13—inch dlameter (t_he diameter of the
front and rear dynamometer outer casings) was used with the propellers.
Therefore, only efficient alrfoll sections were exposed to the ailr.
Each propeller canslasted of two blades constructed of aluminum alloy.
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TESTS

The blade angles at which the propellers were tested ranged from 0°
to 400 (measured at 0.75R)_in 5° increments. The constructlon of the
gplnner did not permit the propellers to be tested st negatlive blade
engles., Thrist, torque, and rotational speed of the propeller were
measured at intervals of 500 revolutions per mlnute. Two readings were
taken at each rotational speed and a few were repeated as the rotational
gpeed weas decreased after reaching the maximum speed.

For reasons of safety, the maximm rotational speed was limited to
5000 revolutions per minute; but even this speed was not attained atb
blade angles above 15° because flutter was encountered. An estimate of
the rotationel speed at which flutter began, as shown in figure 5 in
terms of tip Mach number, was made by visual and aural meens. Additlional
data at speeds up to 5000 revolutlons per minuwte, obtalned from esrlier
static tests of the NACA 4—(5)}(08)-03 and h—(lO)(OB)—O3 propellers
operating in the flutter region, are, however, included herein.

The data were reduced to the ususl thrust end power coefficients Cp
ané Cp. The tip Mach number M; was based on the rotational tip epeed

of the propeller. 'Typica.l data obtained are shown in figure 6. Where
only one polnt is shown at a test rotaticnal speed, the readings were
identical.

Figure T presents typical deta from the earller static test in which
operation of the propellers was extended Into the flutter region. The
internal mechanism of the dynamometer used In thls sarlier test was
different from that of the present dynsmometer, although the dynamometers
were outwardly similaer. DRepeat runs showed poor agreement and dlfferences
in the falred curves of as much as 15 percent were found at the higher
blade angles. These dlscrepancies may have been due to the friction which
wes definitely present in this earlier dynamometer and to different
sectlion maximmm 11ft coefficlents caused by varying roughness of the
blades. No spinner was used In thils earlier test.

The results of both the earller and the present invegtigations include
the effects of blade twlst under serodynsmic and centrifugel forces. This
twist was not measured, but the results of reference 5 Indicate that its
magnitude at the O0.7R sta:tion was of the order of 0.2° to 0.3° at the
highest rotational speed and was :Ln the direction of increasing blade

angle.
RESULTS AND DISCUSSION

The basic data for the four two—blade propellers used in this
investigation are shown in figures 8 to 15. The dashed curves in
figures 10 to 13 are from the earller Investigation and, in most casses,
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were obbtained with the propeller fluttering at the higher tip Mach
numbers. Although the accuracy of these earllier data ls questionable, it
is presented here because little high~tip Mach number- -data were obtalned
in the present investlgation at the higher blade angles. In cases where
repeat runs were made for a given blade angle, the run which showed
‘closest agreement with data from the present investigation was chosen for
presentation in figures 10 to 13.

Consldering the dashed curves in figures 10 to 13, lerge increases
.in the coefficients are foumd with increasing tip speed Iin some cases. -
. These increapes begin with the cnset of flutter. In the cases of the
NACA 4—(5)(08)-03 propeller at 50_753 = 35° and the NACA 4—(10)(08)-03 pro—

peller at BO-T5R = 20°, no flutter was encountered in this earlier

investigation and no sudden increase in the coefficlents was found. It
sppears then that the marked rise in the value of the thrust and power
coefficients with increasing rotetionel speed 1s caused, al least Iin
part, by the flutter itself. Since the accuracy of these earlier data
is poor, the following discussion wlll be concermed only wlth the data
obtalned in the present Iinvestlgstion. ~

At the low blade angles, increasing tip speed produces a gradual
increase in thrust and power coefficients (figs. 8 to 15). The effect of
+tip speed is most pronouriced on the high—camber blade, NACA L4—(10)(08)-03
(fig. 12), in that the thrust coefficlent reaches a meximmm and begins to
decrease at a tip Mach number of sbout 0.85. Since the critical speed
of the highly cambered sections is relatively low, this earlier com—
pressibility loss is to be expected end 1s in accord with the results of
wind—tunnel tests (references 3 and &) in which 1t was found that the

' _high—camber blade suffered efficlency losses at a tip Mach mumber well

below that of the lower—camber blades.

At the high blade engles, there is genersally a decrease In the
coefficients with tip Mach mmber for all the propellers, particularly in
the thrust coefficient.

The thrust and power cosefficlents for the four propellers tested
have been plotted against blade angle for & constent tip Mach number
of 0.45 in figures 16 and 17. The thrust—coefficient curves are similar
to the 1ift curves of airfolls, and an increase in design 1ift coefficient
would be expected, as the data indlcate, to increase the thrust coeffi—
clent at a glven blade angle. However, the dlfference 1n thrust coeffi—
clent between the NACA 4—(3)(08)—03 and the 4—(5)(08)-03 propellers is
not great. Figure 17 indicates that there is also 1lilttle differemnce in
the power coefficients of these two propellers. Comparison of the
NACA L4—(3)(08)-03 propelier with the wider—blade NACA 4—(3)(08)-045 pro—
peller indicates that increasing blade width has the effect of incresasing
the slope of the thrust—coefficient curve and is accompanied by an
increase in the power coefficient over the blade—engle range tested.

Tne ratio of thrust coefficient to power coefficlient is usually used
as a static—thrust figure of merit for propellers operating at the same
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tip speed. This ratio is plotted in figure 18 against blade angle for
the four propellers at a tip Mach number of 0.45. The decreass in the
maximm valus of CT/CP with increasing cember 1ls probebly the result
of increasing induced velocities and, in the case of the highly cambered
: blade, lower lift—drag ratios. At medium blade angles, however, CT/CP

increases with camber. This maey be explained partially by the fact that
the angle of sttack for the maxlmum 1ift—dreg ratio Increases with camber
for the NACA 16-series airfolls, which effectively shifte the CT/CPrcurves
of the higher-cember blades to higher blade angles. The effect of
widening the blades, holding a fixed value of camber, is to decrease the
meximiw value of Op/Cp with but 1little change in Cp/Cp &t the higher

blade angles.

A more useful comperlson of the propellers can be made by plotting
CT/CP against Cp as shown In figure 19. For a glven power coefficlent,

the curves show an improvement In. the static thrust coeffilclent with
increasing cember, especlaelly fram increasing the design 11ft coefficient
from 0.5 to 1.0, and with increaesing blade wldth. Higher values of CT/CP

are proéoduced by the higher-cember and wlder—blade propellers, since, for
the same power coefficient, the angles of attack along the blade are
lower and less stalling results. ' _ '

The effect of tip speed on the ratio of thrust coefficlent to power
coefficlent 1s shown in figure 20 for blade angles of 5°, 10°, and 15°.
In general, CT/CP decreases with tip speed for a given blade—angle

setting and the decrease is more pronounced as the camber is increased.
For a glven power coefflclent, CT/CP does not necessarily decrease with

tip speed ag shown In figure 21 where CT/CP is plotted againgt Cp for
both a high and a low tip Mach number. At the higher power coefficlents
there 1s, in fact, an increase In CT/CP for the narrow blades when the

tip Mach number ie increased from 0.45 to 0.90. The maximum value
of CT/CP does, however, decrease with tip Mach number.

CONCIUSIONS

Static tests of four two-blade NACA propellers to a maximum tip
Mach niumber of 0.93 indicated the following concluslons:

1. The results of the test of the high-camber blade, NACA 4—(10)(08)-03,
indlcated the thrust coefflclent reached a meximum and began to decrease
at—a tip Mach number of sbout 0.85 for fixed blade—engle settings of 15°
and less. Simllar bresks did not occur for the blades of lowsr camber
up to the maximum tip Mech number attalned.
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2. The maximum value of the ratio of thrust coefficient to power
coefficient CT/CP, which occurred at low power coefficlents, decreased

wilth Increasing cember, blaede width, and tip Mach number.

3. Except in the reglon of maximm Op/Cp, the ratio Cp/Cp increased

with both increasing cember and blede wldth for a constant velue of power
coefficient. At moderate values of power coefficlemnt, the greatest thrust
was produced by the propeller of the hlghest cember. At the higher values
of power coefficilent {ebove 0.04 per blade), the greatest thrust was
produced by the wider—blade propeller.

L, At the higher power coefficients, the value of CT/CP for a glven
value of power coefficlent was bubt 1llttle affected by tip Mach nuwmber.

Tangly Aercnautlcal Iaboratory
National Advisory Committee for Aeronautics

Iangley Field, Va.
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(2) NACA 4-(3)(08)-03. (b) NACA 4-(3)(08)-045.

Figure 2.~ Solidity family of NACA 18-serles propellrs tested.
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